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MORPHOLOGY, REPRODUCTION, SEASONAL ACTIVITY AND 
HABITAT USE OF A NORTHERN POPULATION OF THE SMOOTH 
GREENSNAKE (OPHEODRYS VERNALIS)
INTRODUCTION
Body sizes frequently differ between males and fe-
males among many taxa (Fairbairn et al., 2007). In 
reptiles, larger body size in females is common (Shine, 
1993) and this is often attributed to the positive rela-
tionship between body size and fecundity (Shine, 1988; 
Reeve and Fairbairn, 1999). Other morphometric traits 
(e.g. tail length, head size) differentially scale with body 
size. For example, male snakes typically have relative-
ly longer tails to provide space for hemipenes (Shine, 
1999). In snakes, differences in head sizes have been 
attributed to prey differences (Slatkin, 1984; Houston 
and Shine, 1993), but species vary in whether females 
or males have relatively larger head sizes (King et al., 
1999). In contrast to snakes, some territorial lizards 
show an increase in sexual dimorphism in head sizes with 
ontogeny (King et al., 1999). This reflects sexual selec-
tion for increased head size in males and natural selec-
tion for increased body size (and fecundity) in females.
Reproductive requirements of females also contribute 
to sex differences in habitat use and temperature selec-
tion in reptiles. Thermal requirements of developing em-
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bryos may cause females to select different habitats than 
males and alter their thermoregulatory behavior (Shine 
et al., 2006). This has been shown for both viviparous 
and oviparous species, particularly those with significant 
egg retention during gestation (Rodríguez- Díaz et al., 
2010). In squamates, gravid females may select warm-
er or cooler temperatures depending on species and the 
environments in which they are found (Shine, 2006). 
The cold-climate hypothesis predicts that warmer tem-
peratures will be selected by gravid female squamates 
in cold climates to ensure rapid embryo development 
(Tinkle and Gibbons, 1977). Alternatively, the maternal 
manipulation hypothesis predicts that gravid females will 
select temperatures that optimize offspring survivorship 
(Shine, 1995).
Sexual size dimorphism has been examined in numer-
ous snake species (reviewed by Shine, 1994). In this 
project we examined morphology, reproduction, and 
habitat use of males and females in a northern popu-
lation of the Smooth Greensnake (Opheodrys vernalis, 
formerly known as Liochlorophis vernalis). The Smooth 
Greensnake is a small, slender, oviparous, colubrid snake 
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that is widely distributed in North America. They range 
from the Canadian Maritime Provinces and the Appala-
chian Mountains of Virginia to Saskatchewan, Utah and 
New Mexico, and isolated populations occur in Chihua-
hua (Mexico), and southeastern Texas (Conant and Col-
lins, 1991; Grobman, 1992; Redder et al., 2006; Wal-
ley, 2003). There have been no studies that determine 
population trends, but some populations that were once 
widespread are now reduced and scattered (reviewed by 
Redder et al., 2006). In Canada, little is known about 
historical or current population sizes of this species, but 
their habitat is declining through conversion to agricul-
ture, urbanization, and road construction (Samson et al., 
2004). Typically, they inhabit thick grassy, herbaceous, 
and shrubby vegetation, and also can be found in wet-
lands, riparian areas, and along forest edges (Redder et 
al., 2006).Smooth Greensnakes are insectivorous, ap-
pearing to prefer noctuid moth larvae, but incorporating 
other prey species (e.g. spiders, harvestmen, crickets 
and slugs), depending on seasonal changes in avail-
ability (Waters, 1993). They are diurnal, surface-active 
snakes (Waters, 1993; Redder et al., 2006) that typi-
cally have relatively long tails (Shine and Wall, 2008). 
Little is known about reproductive cycles for either sex 
in Manitoba (Gregory, 1977), and observed sex ratios 
from field studies are female biased (Siebert and Hagen, 
1947; Gregory, 1977). This species has been described 
as bordering on ovoviviparity because its eggs are often 
retained for extended periods and typically hatch more 
quickly than most oviparous snakes. In Manitoba, ovi-
position has been reported from late-June to mid-July 
(Gregory, 1977).The objective of this study was to ex-
amine morphology, reproduction, seasonal activity and 
habitat use of a northwestern population of the Smooth 
Greensnake (Opheodrys vernalis). Specifically, we asked 
the following four questions: 1) Do Smooth Greensnakes 
exhibit sexual dimorphism? 2) Do females vary among 
years in the percent that are reproductive and the num-
bers of follicles? 3) Do males and females have different 
seasonal activity patterns? 4) Do males and females use 
different habitats?
MATERIALS AND METHODS
This study took place in southwestern Manitoba, Can-
ada at the following locations: Spruce Woods Provincial 
Park (SWPP; 49° 42’ 39” N, 99° 15’ 10” W), Assiniboine 
Corridor Wildlife Management Area (ACWMA; 49° 40’ 03” 
N, 99° 33’ 41” W), Souris River Bend Wildlife Manage-
ment Area (SRBWMA; 49° 29’ 18” N, 99° 52’ 39” W), 
Oak Lake (49° 39’ 52” N, 100° 42’ 48”) and Canadian 
Forces Base Shilo (CFB Shilo; 49° 44’ 17” N, 99° 31’ 06” 
W). A wide variety of habitats were investigated from 
agricultural areas to beaver ponds; most sites incorpo-
rated water and/or prairie. Details on the habitat types 
are provided below.
Field sites were surveyed every 2-3 weeks in 2007-
2010, from April to September of each year. Searching 
varied between morning and afternoon in order to com-
pare daily habitat usage as the season progressed. We 
used the same investigatory walking path each time a 
site was visited in order to standardize search effort. 
These routes traveled around or through potentially suit-
able habitat, often following barriers such as creeks, park 
paths or tree lines. In more homogeneous landscapes, 
such as prairie, the same routes were walked on each 
visit. Animals were captured by hand as they moved in 
the open, or when located under cover objects, both nat-
ural and anthropomorphic (e.g. plywood, sheet metal). 
Anthropromorphic cover was distributed for a different 
study, and included a mix of cover boards (one foot by 
two foot ¾ inch plywood) and refuse that had been de-
posited by others in the area.
The following measurements were taken for all cap-
tured snakes: date, time, snout-vent length (SVL in 
mm), tail length (mm), head width (mm), head length 
(mm), mass (g), sex, age class, and reproductive con-
dition. To determine reproductive condition, two individ-
uals independently counted enlarged ovarian follicles by 
palpation (Fitch, 1987) and the average of their counts 
was taken. All captured individuals (n = 272) were scale-
clipped for future identification and released at their cap-
ture site within 15 minutes of capture. No snakes in this 
study received more than three clipped ventral scales.
Recaptures rates were low. Six snakes were captured 
twice (2%), and five of these six snakes were recaptured 
2007 2008 2009 2010 Total
F M F M F M F M F M
SVL (mm 248 225 246 209 236 198 236 198 241 205
(8.9) (9.2) (5.0) (4.5) (4.8) (4.8) (9.1) (5.6) (3.0) (2.8)
Tail Length (mm) 94 105 92 98 87 102 87 99 90 100
(3.6) (8.2) (2.0) (3.2) (2.1) (3.1) (3.3) (3.3) (1.3) (1.9)
Head Width (mm) 5.2 4.9 5.0 5.0 4.7 4.5 4.6 4.5 4.8 4.7
(0.16) (0.20) (0.08) (0.09) (0.06) (0.09) (0.11) (0.09) (0.05) (0.06)
Head Length (mm) NA NA 8.8 8.7 9.0 8.8  9.2 9.1 9.0 8.8
(0.15) (0.15) (0.11) (0.15) (0.20) (0.14) (0.08) (0.09)
Mass (g) 10.0 5.7 8.7 5.6 8.7 5.3 8.2 5.3 8.8 5.5
(0.77) (0.52) (0.43) (0.27) (0.45) (0.27) (0.77) (0.32) (0.27) (0.16)
N 18 8 53 50 57 38 15 19 143 115
Table 1: Morphological measures and the number of captures (N) for each sex by year (2007-2010) and all years combined (Total), 
including both non-gravid and gravid females. Morphological measurements include: snout-vent length (SVL), tail length, head width, 
head length, and mass. Mean and standard error (SE) are reported for each morphological measure.
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within the same year. Two snakes were captured four 
times (1%). Only a single capture per year (per indi-
vidual) was included in the analyses. Females with SVLs 
larger than 225 mm (minimum SVL of all gravid females) 
were classified as adults; otherwise, they were classi-
fied as juveniles. Minimum breeding size is not known 
for males. For both sexes, the juvenile class also includes 
young-of-the-year (YOY). The activity period (May 10 to 
September 9) also classified by weeks 1 through 18, and 
this variable was considered a categorical variable in all 
analyses.
At the site of capture we recorded the following envi-
ronmental and location data: UTM location, aspect (from 
0 - 35), and local dominant vegetation. Absolute (UTM 
coordinates) location information was recorded using a 
Garmin® GPS60 handheld GPS receiver (WAAS enabled 
accuracy: < 3 m, 95% typical). Global Positioning Sys-
tems (GPS) data were used to classify the capture lo-
cations according to land cover classes defined by the 
Manitoba Land Initiative (URL:https:// mli2.gov.mb.ca//. 
Accessed: 2012-02-025 Archived by WebCite® at http://
www.webcitation.org/659exUaEF). The following eight 
classes were used: Agriculture, Bogs, Conifer Forest, 
Deciduous Forest, Grassland, Grassland/Deciduous 
Forest, Grassland/Roads, and Roads/Trails. Assignments 
were made using ArcGIS ver. 10 (Esri, 2011)(ESRI, Red-
lands, CA).
All data analyses were done in R 3.4 (R Core Team, 
2017) and α = 0.05 was used to assess significance. We 
report means and standard errors where applicable. Data 
were log-transformed or nonparametric tests were used, 
when assumptions of parametric tests were not satis-
fied. Unless otherwise indicated adult females include 
both gravid and nongravid individuals. T-tests were used 
to compare SVLs of all males and females, and to com-
pare the SVLs of gravid and nongravid females. Linear 
regression was used to determine if aspect of the capture 
location changed over the season. ANCOVAs were used 
to compare tail length, head width, head length, and 
log-transformed mass of males and females using SVL as 
the covariate. ANCOVA was used to compare the number 
2007 2008 2009 2010 Total
Number 
of Gravid 
females 
(% gravid) 
6(55%) 26(76%) 17(47%) 5(50%) 54(59%)
Follicles
(Mean ± 
SE)
8.2 ± 1.17 4.3 ± 0.24 5.4 ± 0.36 3.0 ± 0 5.1 ± 0.70
Numbers 
of YOY
0 15 14 3 32
Table 2: Comparisons among numbers of gravid females, num-
bers of follicles per gravid female, and numbers of young-of-the-
year over four years (2007-2010).
Figure 1. A) Tail length (mm), B) head width (mm), C) head length (mm), and D) log-transformed (mass +1) versus snout-vent length 
(SVL in mm) for male (open circles and dashed lines) and female (closed circles and solid lines) Smooth Greensnakes. Least squares 
regression lines indicate significant relationships between variables within each sex. Tail length (A) increased significantly faster with 
SVL in males compared to females, while mass (D) increased significantly faster with SVL in females compared to males. There was 
no difference in the relationship between SVL and head width (B), or SVL and head length (C) in males and females, but males had 
relatively longer heads than females (C).
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of follicles in gravid females among three years (2007-
2009; 2010 was excluded in this analysis because num-
ber of follicles was only counted by a single individual) 
using SVL as a covariate. In all models, interaction terms 
were evaluated and removed when not significant. Main 
effects were reported only after removal of the non-sig-
nificant interaction terms from the model. Chi-square 
analyses were used to compare the following: numbers 
of gravid females captured over the four years, numbers 
of YOY captured over four years, numbers of males and 
females captured, and numbers of males and females 
captured in the open versus under cover, and numbers 
of gravid versus nongravid adult females captured in the 
open versus under cover. We used a Log-likelihood ratio 
(G-test) test of independence without correction to com-
pare numbers of captures and land use patterns over the 
18 week season, and to compare land-cover use among 
sexes.
RESULTS
Morphology – Females had significantly longer SVLs 
than males (t = 8.8, df = 255.8, p < 0.001; Table 1). 
Tail length increased significantly more with SVL in male 
Smooth Greensnakes than in females (F[1,250] = 12.30, 
p < 0.001; Figure 1A). Neither head width (F[1,252] = 
2.70, p = 0.10) nor head length (F[1,252] = 1.40, p = 
0.24) differed in their relationship with SVL for males 
compared to females, therefore the interactions terms 
were removed from the models. When we evaluated 
only the main effects, there was no difference between 
head widths of males and females (F[1,253] = 2.99, p 
= 0.08; Figure 1B), but males had significantly longer 
heads than females when we controlled for body size 
(F[1,200] = 4.37, p = 0.04; Figure 1C). Log-transformed 
mass increased significantly more with log-transformed 
SVL among females (not including gravid females) than 
males (F[1,195] = 17.63, p < 0.001; Figure 1D).
Reproduction – Gravid females were captured from 
May 22 to August 2 (Figure 2). More than half of the 
adult female Smooth Greensnakes (59%, n = 54) cap-
tured during this time period were gravid. The numbers 
of gravid versus nongravid adult females captured during 
this time period did not significantly differ between the 
four years (Χ2 = 6.79, df = 3, p = 0.08), although there 
tended to be a higher percentage in 2008 (Table 2). Fi-
nally, there was no significant difference in SVL of gravid 
adult females compared to nongravid adult females (t = 
1.05, df = 80.7, p = 0.30).
Gravid females had a mean of 5.1 ± 0.70 follicles 
(range: 2 - 12; Table 2). There was a significant differ-
ence in the relationship between SVL of gravid females 
and their number of follicles among the three years 
(F[2,31] = 5.51, p = 0.009). In both 2007 and 2009, 
Figure 2. Numbers of captures of A) female (black bars) and male (grey bars), and B) gravid female Smooth Greensnakes over the 18 
week season from May 10 to September 9 over four years (2007-2010).
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there was no significant relationship between SVL and 
the number of follicles (2007: (F[1,3] = 3.13, p = 0.18; 
2009: (F[1,9] = 0.13, p = 0.72), but the number of fol-
licles increased with SVL in 2008 (F[1,19] = 7.12, p = 
0.02). The number of follicles significantly varied among 
the three years (F[2,31] = 15.7, p < 0.001; Table 2) with 
2007 having the largest mean number of follicles and 
2008 the least mean number of follicles.
Young-of-the-year (YOY) juveniles were captured from 
August 4 to September 9. There was a significant differ-
ence in the numbers of YOY captured over the four years, 
with the most captured in 2008 and 2009, and the least 
in 2007 (Χ2 = 21.75, df = 3, p < 0.001; Table 2). Mean 
SVL of YOY was 142.4 ± 4.2 mm (range: 88 - 180 mm)
and mean mass was 2.3 ± 0.1 g (range: 0.7 - 4.1g). We 
were unable to determine sex for 41% of theYOY (n = 
13). Of those where sex was determined, moremale YOY 
(68%, n = 13) were captured than female YOY(32%, n 
= 6).
Seasonal Activity – There tended to be more females 
captured than males (female: n = 143, male: n = 115; 
Χ2 = 3.04, df = 1, p = 0.08; Table 1). Sex ratios signifi-
cantly varied across the 18 weeks (G = 39.23, df = 17, 
p = 0.002, Figure 2A), and the number of gravid females 
captured varied significantly across the 18 weeks (G = 
67.47, df = 17, p < 0.001, Figure 2B). Male Smooth 
Greensnakes were equally or more frequently encoun-
tered in the first week of June, and the first and second 
weeks of August; otherwise, adult females were more 
frequently or equally encountered. Gravid females were 
captured most frequently in mid- to late-July.
Habitat Use – Smooth Greensnakes were most fre-
quently found in grassland (71%, n = 201); the remain-
ing 29% of captures were distributed among: deciduous 
forest (16%, n = 46), roads/trails (8%, n = 23), and all 
other habitat types (4%, n = 12). Land cover use did 
not differ for Smooth Greensnakes over the season (G 
= 113.63, df = 119, p = 0.62). There was no difference 
in land cover use among adults, juveniles and YOY (G = 
13.46, df = 14, p = 0.49). Also, there was no difference 
in land cover use between adult males and females, or 
juvenile males and females (G = 5.54, df = 7, p = 0.59 
and G = 11.17, df = 7, p = 0.13). Finally, there was no 
difference in land cover use by gravid versus nongravid 
females (G = 10.56, df = 7, p = 0.16).
Dominant grassland vegetation included: Leafy Spurge 
(Euphorbia esula, 19%), June Grass (Koeleria cristata, 
18%), Sedge (Carex spp., 13%), Creeping Juniper (Ju-
niperus horizontalis, 11%), and Smooth Brome (Bromus 
inermis, 8%). Similar local dominant vegetation was 
found in the deciduous forest habitat: Leafy Spurge (Eu-
phorbia esula, 26%), Creeping Juniper (Juniperus hori-
zontalis, 26%), June Grass (Koeleria cristata, 16%), and 
Sedge (Carex spp., 7%).
Most captures were on flat ground (55%, n = 137). 
Individuals were captured on slopes that had a mean as-
pect of 11.3 ± 0.5 (southeast facing). Aspect declined 
over the season (F[1,109] = 8.92, P = 0.003) from 
means of 12.0 ± 1.7 in May (southeast facing) to 8.5 ± 
0.5 in September (east facing).
Most captures were under cover (92%, n = 232), and 
females tended to be found more in the open than males 
(females: 11%, n = 16; males: 4%, n = 5; Χ2 = 3.03, 
df = 1, p = 0.08). There was no significant difference in 
the percent of gravid versus nongravid adult females that 
were found in the open (gravid: 15%, n = 8; nongravid: 
9%, n = 5; Χ2 = 0.31, df = 1, p = 0.58). Cover types 
used by all individuals were: plywood (84%, n = 210), 
particleboard (4%, n = 11), and all other (13%, n = 32). 
Mean cover thickness was 22.1 ± 1.7 mm (range: 1 - 
280 mm). These numbers may reflect the percentages 
of available cover and not preferences, as there was no 
systematic analysis of cover availability and preference 
conducted in this study.
DISCUSSION
Smooth Greensnakes exhibited sexual size dimor-
phism; females were larger (both SVL and relative mass) 
than males, and males had relatively longer tails and 
heads for their body size than females. In other species, 
larger female body size is a consequence of the positive 
relationship between body size and clutch size (Seigel 
and Ford, 1987). In our study, clutch size was only pos-
itively related to body size in one year of the study. This 
does not mean that sexual size dimorphism is not a con-
sequence of selective pressures for increases in repro-
ductive output, but suggests that other factors are also 
affecting reproductive output. Perhaps smaller clutches 
had larger egg sizes; this tradeoff results in larger body 
sizes at hatching thus improving survival chances for the 
young (Sinervo, 1999). Alternatively, the timing of de-
layed oviposition significantly affects reproductive out-
put in this species (Gregory, 1977). Gravid females were 
detected as late as early August in this population and 
young-of-the-year were captured around the same time, 
indicating significant delays in egg laying. The timing of 
oviposition appears plastic in other northern populations 
of this species, ranging from 4 days (Blanchard, 1933) 
up to 30 days (Messmer et al., 1995). In addition, 59% 
(on average) of available adult females were gravid in 
any given year suggesting that individuals may not re-
produce each year. There was no significant difference 
in SVL of gravid versus nongravid females. Further re-
search is required to understand the interaction between 
reproductive skipping, delayed oviposition, and female 
body size on reproductive output in this species.
Tail length increased faster with SVL in males than fe-
males, which is consistent with sexual selection for tail 
length (Shine, 1999). Males also had relatively longer 
heads, but this relationship was similarly evident in ju-
veniles and adults. This suggests that sex differences in 
head sizes were not related to sexual selection, although 
little is known about mating behavior in this species. 
Other species exhibit head size differences related to diet 
(Slatkin, 1984; Houston and Shine, 1993). Males and fe-
males inhabited the same habitat types, although this 
does not preclude selection of different types and sizes 
of prey (Pianka, 1969). Enlarged male head sizes in our 
population are consistent with a response to a decrease 
in intersexual competition for resources, and not consis-
tent with increased energetic requirements of females 
associated with reproduction (Slatkin, 1984; Hedrick and 
Témeles, 1989), but further data on dietary preferences 
are required to confirm this hypothesis. 
Sex differences in seasonal activity of adults are likely 
related to reproduction. Males were most prevalent in 
early August, which had been suggested as the mating 
season for Manitoba populations (Gregory, 1977). Our 
data are consistent with this hypothesis, but we were not 
able to confirm that mating occurs in the fall. Fall mating 
is a reproductive behavior that has been suggested for 
viviparous species in northern climes (Willson and Dor-
cas, 2004), but not in any oviparous species. Throughout 
the remainder of the summer, females were more likely 
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to be captured which is consistent with other northern 
populations of Smooth Greensnakes (Siebert and Ha-
gen, 1947; Gregory, 1977). Females may be generally 
more active (and more likely to be captured) during the 
summer due to high energetic requirements associated 
with reproduction in northern climates (Gregory, 2009). 
This will be true for gravid females, but also nongravid 
females, who must attain a condition threshold for re-
production in future years. These patterns are typically 
seen in viviparous species (Gregory, 2009), and although 
this species is oviparous, the significant delays in egg 
laying may result in reproductive behavior more akin 
to viviparous squamate species. By retaining eggs for a 
longer period, females may be able use thermoregula-
tory behavior to increase incubation temperatures and 
provide less variable incubation temperatures (Charland 
and Gregory, 1990; Charland, 1995; Crane and Greene, 
2008). This thermoregulatory behavior will result in fast-
er embryonic growth rates and ultimately decrease in-
cubation times, and will result in more viable offspring 
(Beuchat, 1988; Shine and Harlow, 1993; Lourdais et 
al., 2004). In conclusion, the objective of this study was 
to examine morphology, reproduction, seasonal activity 
and habitat use of a northern population of the Smooth 
Greensnake (Opheodrys vernalis). We found that females 
were larger than males, but clutch size only increased 
with female body size in one of the three years, sug-
gesting other factors contribute to reproductive output of 
females. Males had relatively longer head sizes (as both 
juveniles and adults) suggesting diet differences, and not 
sexual selection, as a driving selective force. Males were 
more common in early August suggesting that there is 
fall mating for this population; otherwise, females were 
more common. Finally, Smooth Greensnakes were most 
commonly found in grassland, and there were no differ-
ences in habitat use between the sexes. Further research 
on northern populations of Smooth Greensnakes would 
provide a unique opportunity to explore hypotheses 
about factors producing sex differences in squamates, 
and provide valuable information on this little-studied 
species.
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